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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a V-grooved substrate for which 
stresses can be reduced as a whole by preventing concentration of stresses on 
fibers, a method for manufacturing the same, and an optical-fiber array using the 
V-grooved substrate. 

SOLUTION: This V-grooved substrate 14 has a V-grooved part 10 having a 
plurality of V-grooves 1 1, a planar part 12, and a stepped part 13 connecting the 
V-grooved part tO to the planar part 12. The stepped part 13 is formed to curve 
upwardly toward the surface of the V-grooved substrate 14. The V- grooved 
part 10, the planar part 12 and the stepped part 13 are provided by a primary 
machining process for forming a glass substrate having a stepped shape and a 
secondary machining process whereby the glass substrate stepped by the 
primary machining process is subjected to press molding using upper and lower 
molds having V-groove forming surfaces, whereby the V-grooved substrate 14 
whose stepped part 13 is curved upwardly toward its front surface is formed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Ciairn(s)] 

[Claim 1] The V groove substrate which is a V groove substrate equipped with V slot which has two or more V grooves, the Hat- 
surface section, and the level difference section which connects this V groove section and this flat-surface section, and is 
characterized by for this level difference section curving to convex, and forming it in the direction of a front face. 
[Claim 2] The V groove substrate according to claim 1 in which the edge section of each V groove is formed in the shape of R. 
[Claim 3] The manufacture method of the V groove substrate characterized by really has a forming side corresponding to the 
shape of surface type of a V groove substrate according to claim 1 carrying out press forming of the glass material using metal 
mold. 

[Claim 4] it is characterized by providing the following — the upper — the manufacture method of the V groove substrate 
characterized by fabricating the V groove substrate to which it had V slot the flat-surface section, and the level difference 
section, and this level difference section curved to convex in the direction of a front face according to the fabricating process 
which performs press forming using metal mold and the Shimokane type The primary operation process which fabricates the 
glass substrate which has a level difference configuration. It is a V groove fabrication side to the glass substrate with a level 
difference obtained according to this primary operation process. 

[Claim 5] The manufacture method of a V groove substrata according to claim 4 that the edge section of each V groove 
fabricates the V groove substrate formed in the shape of R. 

[Claim 6] A V groove substrate according to claim 1 or 2, the fiber presser-foot substrate for pressing down the fiber which is 
inserted in V Mizogami of this V groove substrate, and is arranged at least, and the optical-fiber army characterized by carrying 
out shell composition. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

"l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the optical-fiber array using the V groove substrate 
which can be suitably used as an object for optical-fiber arrays, its manufacture method, and the V groove substrate concerned. 

[0002] 

[Description of the Prior Art] In recent years, construction of an optical fiber and use are progressing by leaps and bounds. As 
alignment parts of this optical fiber, the optical-fiber array aiming at connection between an optical fiber and other optics and 
MT connector which connects optical fibers are known. Since the V groove substrate 9 for carrying and aligning such an optical 
fiber at a V groove also carries a covering optical fiber with an optical fiber [ having no covering (nakedness) ] especially as an 
object for optical-fiber arrays, as shown in drawing 15 (a), it has the lower flat-surface section 2 which carries the V slot 1 and 
a covering optical fiber. And this lower flat-surface section 2 is formed by the grinding process or Si etching in the former. 
[0003] However, the taper 4 of what can attach a taper 4 to the level difference section 3 which connects the V slot 1 and the 
lower flat-surface section 2 in this case like drawing 16 (a) was formed in the shape of a straight line, and the edge 5 of a V 
groove was in the state which stood sharply. And in the opticaf-fiber array using such a V groove substrate, as shown in drawing 
15 (b) - drawing 16 (b), the edge (level difference start section of upper substrate one apparatus or R start section of a fiber 
presser-foot substrate) 7 and the level difference start section 8 of the V groove substrate 9 which press down a fiber by the 
upper substrate 6 are constituted so that it may be in agreement in the length direction in order to make the up-and-down 
stress distribution uniform as much as possible. 

[0004] Therefore, since the edge 5 of the part to which the stress of adhesives is rapidly changed and stress moreover becomes 
large, and a V groove is mostly in agreement as shown in drawing 15 (c), when the level difference section 3 has the angle which 
is 90 degrees, as shown in drawing 15 (a) and (b). Since the supporting point when there is movement to a lateral fiber, and the 
supporting point of the vertical direction would be mostly in agreement, stress concentrated on the fiber and the increase in loss 
and the concern which causes an open circuit etc. in being the worst were included. Moreover, the distance to which a fiber 
touches the V groove edge 5 when the level difference section 3 has the angle which is 90 degrees was also short when stress, 
such as the above-mentioned adhesives stress and bending, occurred, such stress concentrated on this portion and there was a 
possibility that the same problem as the above might occur. 

[0005] It is forming so that an adhesives portion's may be gradually expanded in the optical-fiber array of drawing 16 (b) using 
the V groove substrate 9 which formed the taper in the level difference section 3 like drawing 16 (a) in order to prevent these 
problems, and was going to avoid the above-mentioned problem by giving the beautiful stress distribution that the stress to 
generate becomes large gradually. 

[0006] However, the proper cone angle was set up, the hatching part A of drawing 16 (c) having gained in stress, and adjusting 
this point conventionally, since the taper section will become long and the amount of adhesives as the whole will increase, if the 
taper angle of the level difference section 3 is enlarged. Moreover, although it inquired that the above-mentioned problem by the 
edge 5 of the V groove of the level difference section 3 standing sharply should be avoided by the method of forming R in an 
edge 5 by the rubber grinding stone, partial buffing, etc., since it was about 100-1 50-micrometer V channel depth, work was 
difficult, and could not take R partially and had the problem that quality was unstable 
[0007] 

[Problem(s) to be Solved by the Invention] this invention is made in view of this conventional problem, and the place made into 
the purpose is to offer the optical-fiber array using the V groove substrate which can also lessen stress as the whole, its 
manufacture method, and the V groove substrate concerned while preventing the stress concentration to a fiber. 
[0008] 

[Means for Solving the Problem] That is, according to this invention, it is the V groove substrate equipped with V slot which has 
two or more V grooves, the flat-surface section, and the level difference section which connects this V groove section and this 
flat-surface section, and the V groove substrate characterized by for this level difference section curving to convex, and 
forming it in the direction of a front face is offered. In this invention, it is desirable that the edge section of each V groove is 
formed in the shape of R. 

[0009] Moreover, according to this invention, the manufacture method of the V groove substrate characterized by really has a 
forming side corresponding to the shape of surface type of the above-mentioned V groove substrate carrying out press forming 
of the glass material using metal mold is offered. Furthermore, the primary operation process which fabricates the glass 
substrate which has a level difference configuration according to this invention, To the glass substrate with a level difference 
obtained according to this primary operation process according to the fabricating process which performs press forming using 
metal mold and the Shimokane type after having a V groove fabrication side It has V slot, the flat-surface section, and the level 
difference section, and the manufacture method of the V groove substrate characterized by fabricating the V groove substrate 
to which this level difference section curved to convex in the direction of a front face is offered. In addition, according to this 
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manufacture method, the edge section of each V groove can also fabricate the V groove substrate formed in the shape of R. In 
this case, a grinding process may perform a primary operation process. 

[001 0] According to this invention, the V groove substrate of composition of having described above, the fiber presser-foot 
substrate for pressing down the fiber which is inserted in V Mizogami of this V groove substrate at least, and is arranged, and 
the optical-fiber array characterized by carrying out shell composition are offered further again. 
[001 1] 

[Embodiments of the Invention] Hereafter, although the gestalt of operation of this invention is explained in detail based on a 
drawing, this invention is not limited to the gestalt of these operations. Drawing 1 is the perspective diagram showing one 
example of the V groove substrate concerning this invention. Cross-section explanatory drawing showing one example of the 
optical-fiber array using the V groove substrate which drawin g 2 (a) requires for this invention, and drawing 2 (b) are graphs 
which show the stress distribution. 

[001 2] In drawing 1 , 10 is a V slot which has two or more V grooves 1 1, and an optical fiber [ having no covering (nakedness) ] 
aligns, and it is arranged in this V slot 10. 12 is the flat-surface section, and a covering optical fiber is carried in this flat-surface 
section 12. the V slot 10 and the flat-surface section 12 are connected through the level difference section 13, and it 
constitutes the V groove substrate 14. And the level difference section 13 is Forrned so that R configuration which curved to 
convex and which curved on the mountain so to speak may be presented in the direction of a front face instead of a taper of 
the shape of a straight line. 

[0013] Thus, in the V groove substrate 14, it has the following operation effects by having curved the level difference section 13 
to convex in the direction of a front face. 

** Since speaking of the stress distribution of adhesives the taper of a looser angle is attached from the nose of cam (part 
which fixes a fiber) and stress increases by loose change, the stress concentration to a fiber can be prevented. 
** The position equivalent to the edge of a V groove becomes a posterior part more, and since the stress supporting point when 
there is movement of an vertical and horizontal fiber shifts more greatly, stress concentration can be prevented. 

There are few total stress augends (augend of adhesives), having the above-mentioned operation effect 
** Stress is distributed, even if a touch area becomes large and the same stress is added, since the angle of the portion 
equivalent to the edge of a V groove is still looser than a taper article. 

[0014] Although 30 to about 60 degrees are suitable when attaching the taper shown in drawing 16 . it is desirable that R 
configuration where it curved on the mountain to the straight line of this angle also in R configuration which curved on the 
mountain in the level difference section of this invention is attached. As a degree of R configuration, as shown in drawing 3 . R 
configuration grade which made the radius distance in the case of a taper is more desirable. However, even if it is not a perfect 
R configuration like drawing 3 , in that case, R configuration may be distorted somewhat that what is necessary is just within the 
limits of the triangle (namely, triangle formed in the cross-section configuration A in 90 degrees, and the cross— section 
configuration B in the case of a taper) 1 7 which consists of a dotted line shown in drawing 3 . 

[0015] Moreover, in the V groove substrate of drawing 1 , since the edge section 15 of each V groove 1 1 stands even when the 
level difference section 1 3 is formed in R configuration, in order to reduce the risk of the increase in loss, or an open circuit 
further when R is attached to the edge section 15 of each V grooves 1 1 of these, it is desirable. 

[0016] Next, the R formation method is explained. It was performing deleting partially conventionally by RYUTA which gave very 
small buffing as this R formation method, or attached grinding stones, such as rubber. However, partial R was not attached in 
this case, but the sharp edge remained, or granularity was large, the blemish was generated in micro, and there was a problem 
that an effect faded. 

[0017] On the other hand, about R formed in the edge section in this invention, it changes into the state where continue in the 
whole depth direction of the edge of all V grooves, and R is attached. Since the whole is covered high quality is not only 
maintainable, but since stress is distributed by R configuration and R is attached by this even if the stress by bending or 
adhesives joins a fiber, a micro blemish is attached during the handling at the time of fiber array production (assembly), and the 
problem of degrading intensity can also be avoided. At the time of fiber array assembly, since a fiber may be equivalent to the 
edge section of a V groove in the various state, it becomes important [ that cover the whole and R is attached ]. 
[0018] Subsequently, the production method of the V groove substrate concerning this invention is explained. 
(The production method 1) While making the level difference section into R configuration (henceforth R level difference) which 
curved on the mountain by First carrying out V groove press forming of the substrate 20 with a level difference as shown in 
drawing 4 (a), R attachment (henceforth Edge R) by the edge section of each V groove is performed. Here, the V groove 
pressing method to a substrate with a level difference (straight line) is mentioned as a method of forming R level difference and 
Edge R This method is a method of performing V groove formation and R attachment by the level difference section for the 
substrate 20 by which ths level difference was beforehand fabricated in primary operation as shown in drawin g A (a; in press 
forming. 

[001 9] Although a V groove Is fabricated by the upper part side flat-surface section 21 of the substrate 20 shown in drawing 4 
(a), as shown in drawing 4 (b), this portion 21 is pushed by metal mold 22 a top in the case of the fabrication in fabricating, and a 
V groove is fabricated as glass is extruded by the level difference section 23. By this knockout in the case of fabrication, the 
level difference section 23 serves as nature and R level difference of R configuration For this reason, R level difference can be 
realized only by carrying out V groove fabrication of the substrate 20 by which the level difference was fabricated, without 
performing special configuration **** with metal mold etc. In addition, in drawing 4 (b), 24 is the Shimokane type and 25 is the 
heights of metal mold a top. 

[0020] In addition, although it is dependent also on the conditions of fabrication, as for a level difference section size, width of 
face and length of the depth shrink 5 to 50% 10 to 1 00% at the time of this V groove fabrication. Moreover, since V groove 
fabrication fabricates at temperature higher than the deformation temperature (Td) of glass, the portion which has not hit metal 
mold directly will be in a state with the smooth front face. For this reason, the portion of the edge of a V groove being 
accompanied by the above-mentioned deformation at the time of fabrication, since viscosity has fallen, a front face serves as 
nature and R configuration smooth. That is, it can form that it is natural by carrying out V groove fabrication of the substrate by 
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which the level difference was fabricated, and R processing of each V groove edge can also realize certainly uniform R 
attachment, without giving special processing. 

[0021] (The production method 2) RIHITO press forming in metal mold can really be mentioned again as a method of forming R 
level difference and Edge R about a V groove substrate, then, one of R configuration — the manufacture method of metal mold 
and tha forming method really using metal mold are explained first, metal mold — processing uses a micro grinder The grinding 
stone 30 for grinding: is a diameter phi90mm circular diamond wheel, and the nose-of-eam configuration is presenting a trapezoid 
like drawing 5 . If grinding is performed to the golden die materials 31 with a 5rnmx8mmx height of 10mm from an edge, advance 
of a grinding stone 30 is stopped on the way like drawing 6 using this grinding stone 30 and it is made to move upwards, the 
grinding section will serve as a part for a bay, a circle configuration of a grinding stone 30, and a configuration with the same R 
portion, 

[0022] If the slot made by this grinding is processed into the upper surface of the golden die materials 31 five trains at a pitch 
0.25mm interval, the golden die materials 32 as shown in drawing 7 (a), (b), and (c) will be obtained, here — drawing 7 (a) 
metal mold — the plan of material, and drawing 7 (b) — metal mold — drawing and drawing 7 (c) which looked at material from 
the gnnd\ng start side of a grinding stone — metal mold — it is the side elevation of material 

[0023] Next, as the both ends 33 of **** 5 train which the nose-of^cam flat-surface section of a diamond trapezoid grinding 
stone similarly processed in the golden die materials 32 using what is 3mm are shown in drawing 8 (a), (b), and (c), as processing 
is stopped, it carries out grinding in the same position, this time — each of the slot of eye one train and eye five trains 
carrying out grinding also including an outside slant face — one for V groove substrate production — metai mold 34 is obtained 
Also as for the processed field, metal mold 34 really [ this ] has the bend 35 by the R section of the same phi90mm grinding 
stone as five slots. 

[0024] Thus, if RlHfTO press forming of glass material is really which was obtained performed using metal mold 34 The V slot 41 
which has V groove 40 of four trains as shown in drawing 9 (a), (b), and (c), The glass V groove substrate 45 by which R level 
difference (R configuration which curved to convex in the direction of a front face) was formed in the level difference section 43 
on a boundary with the lower flat-surface section slack covering fiber stowage 42 in which a covering fiber is earned can be 
fabricated In addition, if RIHITO press forming is explained, first, cutting / polish processing will be carried out and the glass 
block which cooled and solidified melting glass will be mostly considered as an isomorphism-like block with mold goods to carry 
out RIHITO press forming, for example, the case where a press-forming article size is 20x20x2mm (volume 800mm3) — metal 
mold — it can insert inside, and in order to make it the aforementioned mold-goods size finally, it considers as the glass block of 
19x19x2.2mm (volume 800mm3) which carried out cutting / polish processing mostly at this size (almost this volume) 
Subsequently, if this glass block is inserted in metal mold and heated, for a while, by fabricating putting a pressure in this state 
j n a glass block will imprint the detailed configuration of metal mold to a glass block, and will produce the Plastic solid 

which has a precise configuration precision. 

[0025] Since RIHITO press forming can be fabricated in about 10 minutes although one wafer is fabricated and can skip a level 
difference formation process compared with the production method 1 when it uses MIRAKURON PC-4 by NGK Insulators, Ltd. 
for glass material and performs them with the compactine pressure of 50kg for the molding temperature of 600 degrees C. and 
cycle-time 60 seconds, its productivity is good. Moreover, although not only R level difference but the V groove edge R could be 
formed at the time of press forming in the case of the production method 1, since it was the process which used the outflow of 
glass effectively and there was a possibility that 20-30 micrometers of sizes of a level difference might vary, it was required to 
set up a process condition severely. On the other hand, since the level difference was also really fabricated by the production 
method 2 by metal mold, fabrication also of the portion of a level difference was really attained with the size error of mum level. 
[0026] furthermore, large-sized by the above-mentioned grinding method — if it is also possible to imprint many same 
configurations by one press forming by carrying out two or more trains processing to metal mold, for example, 
50mmx50mmx10mn% and chip cutting of the wafer is carried out, it can respond also to extensive mass production In addition, 
the following formulas are realized, as it is shown in drawing 10 . since R configuration is decided by the diameter of V slot 
processing grinding stone 50. 
[0027] 
[Equation 1] 

r = ■ 

2b 

[0028] That is, since the depth of V slot of a fiber array is decided by the V. groove pitch and the degree of V gash angle, if the 
R section height (b) is more than V channel depth, it will become the arbitrary depth by setup of R flute length (a) and a 
grinding- stone radius (r). However, in the production method 2, since R of a V groove edge could not form at the time of 
fabrication, R processing was given by brushing by post processing if it is this method, R processing is comparatively uniformly 
possible on the edge of a V groove. The brush using the fiber of a reed as brushing is rotated by 60 - I OOrpm, and it grinds, 
supplying an about 1-6-micrometer diamond abrasive grain, moreover — according to this method — the V groove from the 
level difference section — applying — R — although processed, thereby, R processing also of the mountain of a V groove is 
done — having — the fiber at the time of a fiber assembly — also damaging — it can prevent and is desirable 
[0029] 

[Example] Hereafter, this invention is explained still more concretely based on an example. The V groove substrate of this 
invention was applied to 3 part structures articles of 8 heart opticalH^ber array made from Pyrex (glass material by Corning, 
Inc.). As size of a product, it considered as the width-of-face [ of 7mm ] x length [ of 10mm ] x thickness of 3mm. First, as 
shown in drawing 1 1 (a) and (b), the wafer 60 with which the level difference was formed of the grinding process was prepared, 
and press forming of V groove 62 was carried out to each upper surface. The obtained V groove fabrication wafer 61 is shown in 
drawing 12 (a) and (b). 50mm angle which can take 24 chips as size of a wafer 60 (the four six cross direction x length 
directions) was used. As conditions for press forming, it carried out in temperature [ of 700 degrees C ], press pressure [ of 
1500kg], and press time 240 seconds. The level difference portion of the obtained V groove substrate is shown in the 
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photograph of drawing 1 4- . The covering Fiber receipt substrate was performed at the lower flat surface 63 of this wafer 60, and 
it cut for each chip after adhesion fixation. 

[0030] Next to the obtained chip, R processing was given to the fiber fixed end 65 of the Fiber presser-foot substrate 64 like 
drawing 13 , and the damage to a fiber was prevented. Subsequently, after inserting the fiber 68 in the chip which consists of a 
V groove substrate 66 and a covering fiber receipt substrate 67 and making each Fiber carry in a V groove, the fiber was pressed 
down by the fiber presser-foot substrate 64, it hardened with adhesives, the end face was ground, and the optical-fiber array as 
shown in drawing 1 3 was produced. 
[0031] 

[Effect of the Invention] As explained above, according to this invention, the stress concentration to a fiber can be prevented 
and the V groove substrate which can also lessen stress as the whole, its manufacture method, and an optical-fiber array can 
be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing I] It is the perspective diagram showing one example of the V groove substrate concerning this invention. 
[Drawing 2] Cross-section explanatory drawing showing one example of the optical-fiber array using the V groove substrate 
which (a) requires for this invention, and (b) are graphs which show the stress distribution. 

LSLawing 3] It is explanatory drawing explaining the degree of R configuration which curved on the mountain in the level 
difference section. 

[DrawingJ] The perspective diagram in which (a) shows the substrate by which the level difference was fabricated, and (b) are 
explanatory drawings showing the knockout situation of the glass by die-press fabrication. 
[Drawing 5] It is explanatory drawing showing a grinding^stone nose-of-cam configuration. 

[Drawing 6] H is explanatory drawing showing the situation which carries out the grinding of the golden die materials in a grinding 
stone. 

[Drawing 7] (a) — metal mold — the plan of material, and (b) — metal mold — drawing which looked at material from the 
grinding start side of a grinding stone, end (c) — metal mold — it is the side elevation of material 

[Drawing B] the metal mold with which, as for (a), the grinding of the both ends was carried out — the plan of material, and (b) - 
- metal mold — drawing which looked at material from the grinding start side of a grinding stone, and (c) — metal mold — it is 
the side elevation of material 

[Drawing^ The plan showing an example of the V groove substrate to which press forming of the (a) was really carried out by 

metal mold, drawing which looked at (b) from V slot, and (c) are the side elevations of a V groove substrate. 

[Drawing 1 0] It is explanatory drawing showing the relation between a grin ding-stone radius, the R section height, and R flute 

length. 

[Drawing 11] The plan in which (a) shows an example of the wafer with which the level difference was formed, and (b) are the 
side elevation. 

[Drawing 12] The plan in which (a) shows an example of a V groove fabrication wafer, and (b) are the side elevation. 
[Drawing 1 3] It is explanatory drawing showing an example of an optical-fiber array. 

[Drawing 14] It is the photograph in which the organization of the ceramic material (glass material) which forms the level 
difference portion of a V groove substrate is shown. 

[Drawing 1 5] The perspective diagram in which (a) shows an example of the conventional V groove substrate, the cross section 
showing the fiber array for which (b) used the conventional V groove substrate, and (c) are graphs which show the stress 
distribution of a fiber array. 

[Drawing 16] The perspective diagram in which (a) shows other examples of the conventional V groove substrate, the cross 
section showing the fiber array for which (b) used the V groove substrate of (a) 7 and (c) are graphs which show the stress 
distribution of a fiber array. 
[Description of Notations] 

10 [ — The flat-surface section, 13 / — The level difference section, 14 / — V groove substrate, ] — V slot, 11 — A V groove, 
12 15 [ The upper part side flat-surface section 22 / — A top Metal mold, ] — The edge section, 20 — A substrate with a 
leveJ difference, 21 23 [ — It is the heights of metal mold, and 30 a top. / — The grinding stone for grinding, ] — The level 
difference section, 24 — The Shimokane type, 25 31 [ — Both ends, 34 / — Really Metal mold, ] — Golden die materials, 32 — 
Golden die materials. 33 35 [ — V slot, 42 / — Covering fiber stowage, ] — A bend, 40 — A V groove, 41 43 [ — V slot 
processing grinding stone. 60 / — A wafer. 61 / — A V groove fabrication wafer. 62 / — A V groove. 63 / — The lower flat 
surface of a wafer, 64 / A fiber presser-foot substrate, 65 / — The fiber fixed end. 66 / — A V groove substrate, 67 / — A 
covering fiber receipt substrate, 63 / — Fiber. ] — The level difference section, 45 — A V groove substrate, 50 
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[Drawing 1 6] 
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